Abstract. A method for developing wetting front profiles for the one-dimensional Richards' equation is given. The method is obtained by simplifying and extending a recent approximate solution and brings together features from several different studies. Difficulties associated with profile development are discussed by applying the method to several examples, providing a deeper understanding of the solutions of Richards' equation. For simplicity, we illustrate the improvements for soil-water diffusivities and conductivities which have a power law dependence on the water content although they should apply in general, and the appropriate generalization is given in the conclusion.
Introduction
The depth of our understanding of such fundamental physical processes as water infiltration, ponding, and drainage in soils is enhanced by our ability to solve Richards' equation for arbitrary boundary conditions. In its one-dimensional form, Richards' equation is
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where the water content 0 is a function of depth and time, z is the depth measured from the soil surface, t is time, D is the diffusivity, and K is the conductivity. Recently, Parlange et al. [1997] presented an approximate solution of (1) following an earlier solution of the Bruce and Klute [1956] equation for arbitrary diffusivity by Parlange et al. [1992] . The approximate solution developed was shown to be very accurate for linear and near-linear soils when D and dK/d 0 are essentially constant, while here more realistic soil properties are used. In addition, it was shown that the approximate solution yields the exact analytical solution given by Ross and Parlange [1994] when the surface flux Q is proportional to 0x, the surface water content. The approach used by Parlange et al. [1997] was also applied to the nonlinear diffusion equation, i.e., with gravity absent, for arbitrary boundary conditions by Parlange et al. [1998] .
In this paper we simplify and extend the approach of Parlange et al. [1997] to obtain wetting front profiles. Hogarth et al. [1989, 1992 ] obtained a class of similarity solutions for (1) by making use of Shampine's [1973] method. Their results were very accurate and make an excellent reference to check the accuracy of the approximate method given here to obtain profiles.
Development of Profiles
We follow Hogarth et al. [1989, 1992] which is obtained from using (11) in (1) and imposing the condition that it be satisfied in the limit of rk ---> 0. This is likely to be unreliable as it is based on the differentiation of (11) near the surface. Equation (11) 
which could be used in (11) instead of (12). However, profiles at the front are very steep, and (14) may prove to be as unreliable as (12) even though the singularity at g = 1 disappears.
We will discuss this in more detail later.
We now take f = 0 in ( 
Results and Discussion
We illustrate the procedure for obtaining the profile by comparing with the numerical results obtained by Hogarth et al. [1989, 1992] . This will enable us to estimate the accuracy of the procedure. Hogarth et al. [1989, 1992] We note that for K = 2, 5, and 10 both (12) and (14) produce very good results by comparison with the numerical solution. Specifically, for (12) the maximum relative error of 1.4% occurs in qbl for a = 4,/3 = 2 and again in qbl for a = 8,/3 = 4 at 3.4%. For (14) the maximum relative error is 0.9% info for a =4,/3=2and2.5%inqb•fora =8,/3 =4. Table 1 shows that (12) and (14) (12) and (14) are derived from the error in fro 2•-"-2 not A. There is also an error due to the postulated form of (11), effectively keeping terms in qb and qb 2 only and removing higher-order terms so that the equation has a simple form. This affects the shape of the profile, but that source of error is minimal, as shown later.
We now consider a systematic approach to developing an average for fro 2t•-"-2. Taking the values of fro 2t•-"-2 from Table 1 for (12) and (14), we calculate the arithmetic average and the geometric average. These two values are then used to calculate a new arithmetic and a new geometric average. If this process is continued, these two averages converge quickly. Table 1 shows the results for Ao and fo. We note that the error has improved with the worst case for g = 1.1, being 2.8% in fo and 2% in qbl when a = 4,/3 = 2, and 2.4% in fo and 7% in qb Table 1 shows the results of using (20) with (18) Of course, the present example, especially with g = 1.1, was chosen because it provides such a critical test of profile prediction (it is clear that if we had imposed Os(t) rather than g, the discrepancies between profiles would not be so obvious). 
Conclusion
We have presented a simplified procedure for developing profiles for the one-dimensional Richards' equation, applying it when soil water diffusivities and conductivities have a power law dependence on the water content. The use of (18) instead of (17) 
